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more intense the satellite.5 However, the satellite of H[LnPc2] 
is much more intense than that of ThPc2, though the latter 
complex must have more covalent character in M-L bonding 
than the former. Magnetism of the compounds which relates 
to multiple splitting of core levels also cannot interpret this 
puzzling question. 

Let us now point out that adiabatic relaxation upon the 
core-hole creation is a crucial factor governing the satellite 
intensity observed.20'21 Recent MS Xa calculations of LaF3 
and CeF3 found a large influx of electrons from the ligands to 
the 4f shell during core ionization.22 In the ground state of the 
lanthanide complexes H[LnPc2], an occupied molecular orbital 
(0L), which is localized on the ligands, is expected to have only 
small amount of metal 4f admixture. The antibonding coun
terpart (0M) of the occupied orbital is then essentially 4f or
bital. Owing to the electron flow upon core ionization, the 
antibonding counterpart (4>*M(i)) should gain ligand character 
in core-ionized state. The strong satellite of the La complex can 
be explained by the large overlap between these MO's, 
(0L |0M(I ) ) under the sudden approximation. The presence 
of half-occupied 4f orbital(s) appears to cause a decrease in 
shake-up intensity of H [CePc2] and a vanishing of the shake-
up of H[PrPc2] and H[NdPc2]. This is likely because the 
half-occupied 4f orbital(s) can receive electrons, instead of 
vacant 4f orbitals, from ligand orbitals upon core ionization. 
The possible electron flow to the half-filled 4f level results in 
considerable diminution of ligand character in cp*M orbital and 
consequently a much smaller overlap (^LI^MO))- In the ac-
tinide complexes [AnPc2], the <p\_ orbital must have some 5f 
admixture even in their ground states. Thus, the electron flow 
from ligands to 5f levels is not so significant as it is in the lan
thanide case. In such a situation, we cannot anticipate either 
the large overlap (^LI^MO))> i-e., strong satellite, or the sig
nificant role of half-occupied 5f orbital(s) to reduce shake-up 
intensity. 
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Efficient Trapping of Silylenes through 
Disilene Intermediates1 

Sir: 

During the course of the study on disilenes, we have found 
that variously substituted silylenes (1) can dimerize efficiently 
to disilenes (2) which are trapped with anthracene. Previously, 
Margrave and Perry2 have rationalized results of the reaction 
of difluorosilylene with acetylene at low temperature in the 
condensed phase by postulating the existence of tetrafluoro-
disilene (or diradical), and Conlin and Gaspar3 have shown 
recently that dimethylsilylene dimerizes in the gas phase at 
600-700 0C to give tetramethyldisilene as an intermediate. 
Existence of the latter has been evidenced from the reaction 
product identical with the known rearrangement product found 
previously in the reaction of disilene.4 

Cothermolysis of 2,3-benzo-7,7-dimethyl-l,4,5,6-tetra-
phenyl-7-silanorbornadiene (3a)5 and anthracene in a sealed 
tube at 350 0C gave 2,3,5,6-dibenzo-7,7,8,8-tetramethyl-
7,8-disilabicyclo[2.2.2]octa-2,5-diene (6a)4 in 36% yield along 
with 1,2,3,4-tetraphenylnaphthalene. The formation of 6a is 
rationalized most reasonably in terms of the Diels-Alder-type 
reaction of highly reactive tetramethyldisilene with anthracene, 
an efficient enephile, as depicted in Scheme I. The phenyl-
methylsilylene and the diphenylsilylene were also generated 
similarly from 3b and 3c (350 0C, 1 h) and gave 6b (40% yield) 
and 6c6 (46% yield), respectively, by the reaction with an
thracene. 

7-Silanorbornadiene is a well-known thermochemical sil-
ylene generator5 and, in fact, on thermolysis of 3a in the 
presence of both 2,3-dimethylbutadiene and anthracene, the 
dimethylsilylene was trapped with the diene affording 
l,l,3,4-tetramethyl-l-sila-3-cyclopentene (7a)7 in 36% yield. 
However, under these conditions, 6a was not detected in the 
thermolysate. This fact can be explained well by postulating 
that the butadiene traps the dimethylsilylene so efficiently that 
the concentration of the silylene would be too low to undergo 
dimerization. 

Another possible route to 6a without involving intermediate 
disilene is a stepwise insertion of the dimethylsilylene into 
anthracene. Such a route has to involve 2,3,5,6-dibenzo-7,7-
dimethyl-7-silabicyclo[2.2.1]hepta-2,5-diene as a direct pre
cursor to 6a. At this moment, this possibility cannot be ex
cluded completely. However, in carbene chemistry, it is known 
that only the 1,2 adduct was obtained from the thermal reac
tion of :CHC02R with anthracene.8a,b Although in some cases, 
a hypothetical 9,9a adduct of :CH2 and anthracene, that 
subsequently isomerized to dibenzonorbornadiene, was ob
tained as a minor product;80 in the case of thermally generated 
silylenes, such adducts of cyclic dienes gave ring-expanded 
products predominantly rather than rearranged products.8d,e 

The 7-silanorbornadiene system, such as the precursor itself, 
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Table I. Some Physical Properties of New Compounds 

3b: mp 239-241 0C; mass spectrum (rel intensity) M+ 552 (100); 
NMR b (CCl4) 0.20 (3 H, s, CH3), 6.4-7.7 (29 H, m, Ph) 

4d: bp 77 0C (20 mmHg); mass spectrum (rel intensity) M+ 220 (4.9), 
m/e 73 (100); NMR 5 (CCl4) 0.12 (18 H, s), 0.34 (3 H, s), 3.34 
(3 H, s) 

4e: bp 63 °C (0.5 mmHg); mass spectrum (rel intensity) M+ 278 (1.5), 
m/e 73 (100); NMR 6 (CCl4) 0.14 (27 H, s), 3.35 (3 H, s) 

6d: bp 160-180 0C (0.2 mmHg); mass spectrum (rel intensity) M+ 

410 (24.9), m/e 232 (100); NMR 8 (CCl4), trans, -0.07 '6 
H, s), -0.12 (18 H, s), 4.08 (2 H, s), 7.0-7.2 (8 H, m, arom), and 
cis, -0.26 (6 H, s), 0.00 (18 H, s), 4.10 (2 H, s), 7.0-7.2 (8 
H, m, arom) 

6e: mp 275 0C; mass spectrum (rel intensity) M+ 526 (4.3), m/e 
348 (100); NMR S (CCl4) 0.06 (36 H, s) 4.27 (2 H, s), 6.8-7.2 (8 
H, m, arom) 

Scheme I 

Very recently, Wulff, Goure, and Barton13 reported that 
tetramethyldisilene (2a) isomerizes to Id and that Id also 
isomerizes to 2a to some extent in vapor phase. 

,Me 

R2 0M« 

ka, R'=R2 = M«'. R 3 '5 iMe20Me 

a, R'=Me, R 2 =R 3 -S iMt3 

e, R' = R2= R3=SiM«3 5 T_ 

is also not reactive enough to be susceptible to silylene insertion. 
Therefore, we favor the mechanism shown in Scheme I. 

Methoxypolysilanes are also well-defined silylene genera
tors9 and, indeed, the dimethylsilylene generated from 4a af
forded 6a by reaction with anthracene. The yield of 6a from 
4a was highly temperature dependent. Thus, at 300 0 C, no 
adduct was found in the thermolyzed mixture of 4a and an
thracene, but 6a was obtained as a trace at 350 0 C and in 6.2% 
yield at 390 0 C. Methyl(trimethylsilyl)silylene (2d) and the 
bis(trimethylsilyl)silylene (2e), more bulky silylenes, generated 
from 4d and 4e, gave the corresponding adducts 6d (72% yield, 
350 0 C, 4 h) and 6e (48% yield, 250 0 C, 3 h), respectively, in 
higher yields. These results indicate that dimerization of sil
ylenes competes with insertion into the Si-OMe bond of the 
precursor.10 Some physical properties of new compounds are 
summarized in Table I . " 

Interestingly, an ~1:1 mixture of trans and cis isomers of 
6b was obtained from 4b (350 0 C). Since cis- and trans-1,2-
diphenyl-l,2-dimethyldisilene are configurationally stable 
under these conditions,12 the result implies no stereochemical 
preference in the dimerization of the phenylmethylsilylene. 
However, 4d gave two isomers of 6d in the ratio 3:1 at 250 0 C. 
Therefore, the methyl(trimethylsilyl)silylene dimerized ster-
eoselectively to the disilenes in favor of one isomer which was 
tentatively assigned to be trans. 

Me1Si Me 

\ / 
Si-Si 

/ \ 
Me SiMe, 

SiMe, Me ,Si 5 \ 
Si = Si 

/ \ 
Me Me 

1 

N / 
Si = Si 

However, in our experimental conditions, there is no indi
cation of such a rearrangement. In fact, we generated Id in the 
hope of obtaining 2a which has been known to be trapped by 
anthracene,4 but no 6a was detected. The discrepancy between 
these experiments may arise from the different experimental 
conditions, but we reserve the explanation until new experi
mental results are available. 
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trans- and c/s-l,2-Dimethyl-l,2-diphenyldisilene. 
Is S i = S i a True Double Bond?1 

Sir: 

Although disilenes, the silicon-silicon double-bonded 
species, have been recognized as intermediates in certain re
actions,2 no experimental knowledge has been obtained on the 
double-bond properties such as geometrical isomerism of the 
S i=Si bond.3 We report in this communication the first evi
dence of the geometrical isomerism of the silicon-silicon double 
bond. 

The reaction of 1,4-dilithio-1,4-diphenylbutadiene4 with 
1,2-difluoro-1,2-dimethyl-1,2-diphenyldisilane in TH F gave 
a mixture of trans- and cis-\,2-dimethyl- 1,2-diphenyl-1,2-
disilacyclohexadiene which was separated into each isomer by 
silica gel chromatography.5 

The stereochemical assignment of trans (la) and cis isomers 
(lb) is not easy from the NMR results only, but can be ac
complished unequivocally by examination of the NMR signals 
due to Si-Me groups of products of the next step (2a and 
2b). 
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